Objective: Both animal and human studies have associated the endocannabinoid system with obesity and markers of metabolic dysfunction. Blockade of the cannabinoid receptor 1 (CB1) caused weight loss and reduction in waist size in both obese and type II diabetics. Recent studies on common variants of the CB1 receptor gene (CNR1) and the link to obesity have been conflicting. The aim of the present study was to evaluate whether selected common variants of the CNR1 are associated with measures of obesity and fat distribution. Design and methods: The single nucleotide polymorphisms (SNPs) rs806381, rs10485179 and rs1049353 were genotyped, and body fat and fat distribution were assessed by the use of dual-energy X-ray absorptiometry and magnetic resonance imaging in a population-based study comprising of 783 Danish men, aged 20-29 years. Results: The rs806381 polymorphism was significantly associated with visceral fat mass (FM) only, whereas the rs1049353 was significantly and directly associated with visceral and intermuscular FM. None of the SNPs analysed were associated with total body FM or subcutaneous FM.
Introduction
The extensive distribution of the receptors in the endocannabinoid system reflects a profound complexity of the system regarding human physiology. The effects of the endocannabinoids are mediated via the endocannabinoid receptor 1 (CB1) and 2 (CB2). The CB1 is found in the brain, liver and muscle tissue, whereas the CB2 is present in monocytes as well as other cells of the immune system (1). Both animal and human studies have linked the endocannabinoid system with food intake, lipogenesis and addictive behaviour (2) . Furthermore, activation of the CB1 may play a role in the development of insulin resistance in skeletal muscle (3) . In placebo-controlled clinical trials, treatment with the CB1-selective antagonist rimonabant has resulted in reduction in body weight and waist circumference and improvement of cardio-metabolic risk factors including insulin sensitivity and lipid profile (4) (5) (6) (7) , and the appetite-suppressant effect of rimonabant has been shown to depend on CB1 (8) . In contrast, treatment with a CB1 agonist is associated with an increase in hepatic lipogenesis in wild-type mice (9) .
A limited number of studies have evaluated the contribution of common genetic variations (single nucleotide polymorphisms, SNPs) in the CNR1 gene on body composition. In a Belgian cohort, the CNR1 rs1049353 SNP was found to be associated with waist-to-hip ratio (WHR) in obese men (10) . Likewise, in a study from Southern Italy (11) , rs1049353 was linked with obesity; however, neither of these results were confirmed in studies on obese German children and adolescents (12) or mid-age American adults in the Framingham Study (13) .
Mü ller et al. (12) found no association between the rs2023239 SNP and body mass index (BMI) in both children and adolescents. Similarly, this variant was not related to BMI in obese French children; however, the same study found an association between the same SNP and BMI in obese adults (14) . In the same paper, associations with obesity and BMI in both children and adults were demonstrated for the rs806381 polymorphism. Whether an age-dependent association between these polymorphisms and BMI exists remains unresolved.
In the present study, we investigated whether the CNR1 rs806381, rs10485179 and rs1049353 SNPs in the CNR1 were associated with fat distribution in a population-based sample of young, healthy Danish men.
Subjects and methods

Study population
The Odense Androgen Study consists of a populationbased sample of Danish men. Complete information on the recruitment of the participants is available elsewhere (15) . A random sample of 3000 men aged 20-29 years were issued a questionnaire covering demographics, life style factors and medical history. In all, 2042 men responded, and 783 of these respondents volunteered to participate in a clinical follow-up comprising: life style factors, past medical history including pharmacological treatments, physical examination; fasting blood samples covering haematology, hepatic, kidney and endocrine functions, lipids and glucose levels as well as blood for genetic analyses and densitometric evaluation of the body composition.
Lifestyle factors
On the basis of questionnaires and interviews during the clinical assessment, information on smoking was recorded as either never, previous or present use. Consumption of alcohol was noted as units consumed per week (one unit equalling 12 g of alcohol).
Assessment of body composition
Body weight and height were measured using standard equipment (Seca, Denmark, and Harpenden, Holtain, UK respectively) and BMI (kg/m 2 ) was calculated as the body weight (kg) divided by the square of the height (m). Waist circumference was assessed during expiration between the iliac crest and the lower rib, while hip circumference was measured at the level of the greater trochanter.
A dual x-ray (DXA) densitometer (Hologic 4500, Hologic, Waltham, MA, USA) was used to asses total body fat mass (TBFM (kg)).
Abdominal and femoral FM were further evaluated in the first 406 consecutively included participants using an open, low-field magnetic resonance imaging (MRI) unit (Magnetom Open Viva, Siemens, Erlangen, Germany) as reported previously (16) . In short, abdominal visceral and subcutaneous FM were estimated using three T1-weighted 10-mm thick slices at the dorsal intervertebral space of L4/L5. Femoral intermuscular and subcutaneous FM were measured at an equidistant point between the patella and the greater trochanter. The results of the MRI measurements are reported as an area (cm 2 ).
Laboratory methods
Biological material was collected after an overnight fast of at least 8 h (between 0800 and 1000 h). Serum and plasma were stored at K80 8C.
Plasma glucose was measured using a hexokinasebased method (Integra 700, Roche). Serum cholesterol including low-density lipoprotein and high-density lipoprotein cholesterol was assessed using a homogenous enzymatic colourimetric method (Modular PCE, Roche), while an enzymatic end point colourimetric method was used for the measurement of serum triglycerides (Modular P, Roche). Serum insulin was estimated using non-competitive immunoflourometric assays (Delfia, Wallac, Finland).
Genotyping
Standard methods were used to extract DNA from the blood of the participants. TaqMan assays (ABI, Foster City, CA, USA) were used to evaluate the genotypes of the CNR1 SNPs (rs806381, rs10485179 and rs1049353) on a LifeCycler LC 480 machine (Roche).
The validity of the analyses was checked by including both negative and positive controls in the investigations.
Ethics
The study was approved by the local ethics committee (files no. 20010198). All participants received written and oral information, and gave their consent in writing before inclusion. The study was registered in ClinicalTrials.gov (NCT00150163).
Statistical analysis
All computations were performed using STATA v. 10 (StataCorp LP, College Station, TX, USA). P values of !0.05 were considered significant. Differences of parameters by genotypes were assessed by use of Kruskal-Wallis test, and testing for trends was used to evaluate the mode of inheritance. Furthermore, linear regression analysis was used to adjust for age, smoking status and alcohol consumption. Acknowledging the imperfection of multiple testing, the investigation was focused on the relationship between genotypes and fat distribution measured by MRI, while other outcomes were given less weight as suggested by Altman (17) .
Results
Baseline data
General information on the study population is presented in Table 1 . Age of the participants ranged from 19.4 to 30.9 years of age with a median age of 25.7 years. The number of participants with a BMI O25.0 and 30.0 kg/m 2 was 39.7 and 7.9% respectively, and those with waist size exceeding 102 cm was 11.6%. As previously described (15) , the study population matched the background population on key points including age, BMI, physical activity, smoking and socio-economic status. 
Genotypes
Association between fat mass and genotype
Neither of the SNPs analysed were significantly associated with TBFM or BMI before or after adjustments for potentially confounding factors ( Table 2) .
The rs806381 polymorphism appeared associated with abdominal FM with higher levels found in homozygous of the mutant allele; however, no significant trend was found. No significant association between this genotype and intermuscular, femoral or abdominal subcutaneous FM was found (Fig. 1A and Table 2 ).
The rs10485179 polymorphism was not associated with either of the measures of FM in this study (Fig. 1B and Table 2 ).
Visceral and intermuscular FM were associated with the rs1049353 polymorphism with tests suggesting an additive effect. Visceral and inter-femoral FM were significantly higher in homozygous of the wild-type allele (Fig. 1C and Table 2 ). These associations between genotypes of the rs1049353 SNP, and both visceral and intermuscular FM remained significant after adjustment for age, alcohol consumption and smoking status (rZ0.16, PZ0.002 and rZ0.138, PZ0.006 respectively). Concurrently, WHR was borderline higher in carriers of wild-type alleles (PZ0.053).
Neither abdominal subcutaneous nor femoral FM was associated with this genotype (Table 2) .
Association between insulin sensitivity, lipids and genotype
None of the SNPs were significantly associated with fasting glucose or homeostasis model assessment for insulin resistance (HOMA-IR; Table 2 ) in crude analysis. Carriers of the wild-type allele in the rs10485179 polymorphism appeared to have a higher level of triglycerides compared with the other participants; however, the observation was not statistically significant, perhaps because only nine participants were homozygous for the mutant allele in the rs10485179 polymorphism. Participants carrying the wild-type allele in the rs1049353 SNP also had a higher level of triglycerides (PZ0.021), and genotype remained associated with levels of triglyceride after adjustment (rZ0.100; PZ0.006).
Discussion
Our study demonstrates that the rs1049353 SNP of the CNR1 is linked with visceral FM in a population of young, healthy men. Also, our data suggests a relation between the polymorphisms of the CNR1 and another of the main outcomes, intermuscular FM, as well as levels of triglycerides. Conversely, none of the polymorphisms were linked with subcutaneous or TBFM or estimates of insulin resistance.
Our data suggests an association between the common allele of the rs1049353 polymorphism and visceral as well as intermuscular FM. Carriers of the wild-type allele tended to have higher levels of FM at these sites as well as higher levels of serum triglycerides.
Conversely, BMI and TBFAT were not significantly associated with the genotypes examined. Previously, carriers of the common allele of the rs1049353 SNP have been shown to have lower WHRs and FM as measured by bio-impedance (10) . These participants, however, were obese and older than our study population. Although both cohorts consisted of Caucasians, environmental differences and an age-dependent effect may account for the observed differences. Estimates of body composition based on bio-impedance and DXA may diverge (18) , and contrary to MRI, bio-impedance cannot separate visceral from subcutaneous FM. MRI, on the other hand, comes with issues as it is more difficult to perform (19) -something that may influence our results of measures of femoral FM in particular.
In our study, the rs806381 polymorphism was borderline associated with visceral FM but not intermuscular FM. Recent studies have disagreed on the effect of this polymorphism on measures of obesity ranging from an association with child and adulthood obesity or BMI in Swiss, French and Danish study populations (14) to complete absence of a relation in the Framingham Study and in a community-based selection of people of European ancestry (13) . The difference between our results and those previously published on the rs806381 polymorphism may be accounted for by differences in study populations and variation in the methods used for estimation of obesity as well as gender and the size of the study populations. Furthermore, evaluations of the rs2023239 (12, 14) have suggested age-dependent effects of the polymorphism on BMI, which potentially could also be the case for other polymorphisms.
The rs10485179 SNP appeared to be linked to the level of triglycerides, whereas no associations with other markers of metabolic dysfunction were ascertained. Although the rs10485179 polymorphism previously has been strongly linked to obesity and BMI (14), we were unable to replicate those results. Our relatively small study comprising very few homozygous for the mutant allele of the rs10485179 SNP may be the reason for the diverging findings.
Studies on associations between polymorphisms of the CNR1 have been performed with different estimates of fat distribution and in divergent study populations; however, several factors influence body composition and the methods used for the estimates. Sexual dimorphism affects body composition with higher levels of FM in women and significantly larger waist circumference in men (14) , while the visceral FM increases by age in both genders (20) .
Visceral FM is strongly associated with an undesirable metabolic profile (21) . Furthermore, intermuscular FM is related to risk factors of cardiovascular disease independently of visceral FM (22) , and in type II diabetics, the levels of intermuscular and visceral FM are higher than in controls (23) .
Our findings on an association between a common polymorphism in the CNR1 and both visceral and intermuscular FM link the endocannabinoid system with common risk factors of metabolic disorders including type II diabetes and cardiovascular diseases. Although the effect of the polymorphism on the function of the CB1 is unknown, the results favour further evaluations of the endocannabinoid system.
Our study has some limitations. First, the study population was relatively small, all participants were Caucasians of Danish origin, comprised a narrow age span and males only. Secondly, we analysed only a limited number of polymorphisms of the CNR1. Thirdly, the study included several outcomes. Although special emphasis was given to MRI-derived measurements of FM, the problems associated with multiple testing, i.e. the risk of chance association, should be acknowledged, and the results will require replication in other cohorts. Since the outcomes are likely to be correlated, a Bonferroni correction for multiple testing was believed to be too conservative. On the other hand, the study was population based. Also, MRI was used for an exact evaluation of fat distribution, and markers of metabolic dysfunction were evaluated.
We conclude that common variants in the CNR1 may be associated with visceral FM rather than subcutaneous FM. Moreover, polymorphisms of the CNR1 may also be related to intermuscular FM. Even though neither of the polymorphisms was related to levels of glucose or cholesterol, the results underline the connection between the endocannabinoid system and FM.
